Carvacrol and thymol, both used as flavor agents in cosmetic and food products, have prooxidant and antioxidant activities. To clarify the mechanisms of their cytotoxicity and the factors affecting their antioxidant/prooxidant activities, we investigated cell membrane and DNA damage induced by carvacrol and thymol in parental and drug-resistant human lung cancer cell lines. After 24 and 48 hour incubation periods, the cytotoxicity of carvacrol (IC 50 380 and 244 µM) was found to be higher than that of thymol (IC 50 497 and 266 µM) in parental cells. However, thymol showed higher cytotoxic effects in drug resistant H1299 cells for three incubation periods. Also, carvacrol and thymol, at higher concentrations, increased malondealdehyde (MDA) levels causing membrane damage and 8-hydroxy deoxyguanozine (8-OHdG) levels, causing DNA damage to both parental and drug resistant cells. On the other hand, carvacrol and thymol protected the cells against H 2 O 2 -induced cytotoxicity, and membrane and DNA damage when the cells were preincubated with these two compounds at lower concentration (<IC 50 ) before H 2 O 2 incubation. These findings suggest that carvacrol and thymol exhibit protective/damaging effects depending on cell resistance, concentration and time.
Monoterpenes are highly hydrophobic substances that exert a wide spectrum of biological actions of great importance in many different areas [1, 2] . Thymol (5-methyl-2-(1-methylethyl) phenol) is an isomer of carvacrol (5-isopropyl-2-methyl phenol), having the hydroxyl group at a different location on the phenolic ring. The hydrophobic nature of carvacrol and thymol enables them to react with the lipids of the cell membrane and mitochondria, rendering them permeable and leading to leakage of cell components [3] .
Natural antioxidants are considered useful agents for the prevention of diseases [4] [5] [6] [7] . Many studies have shown that phenolic compounds in plant essential oils display antioxidant activity as a result of their capacity to scavenge free radicals [8] [9] [10] . On the other hand, effects of antioxidant concentrations on oxidation reactions depend on many factors such as structure of the antioxidant, oxidation conditions and changing of the oxidized structure. Phenolic antioxidants lose their antioxidant effects at higher concentrations and gain a prooxidant structure. They can either protect DNA and membranes against oxidants as an antioxidant at lower concentrations or damage DNA and membranes as a prooxidant at higher concentrations. Recent studies reveal that anti-/pro-oxidant and toxic properties of these molecules change depending on concentration, the kind of cells and organism, and so are not safe for human being [11] .
Tumors are heterogeneous in many respects, including chemotherapeutic susceptibility [12] . Resistance to chemotherapeutic agents is a major problem in the treatment of patients with small cell (SCLC) and non-small cell lung cancer (NSCLC). Acquired multidrug resistance is the main obstacle for the cure of SCLC. A group of drug resistance cells can occur in tumors during chemotherapy. The development of drug resistance and detoxifying mechanisms in human and mice microsome enzymes CYP3A4 used eucalyptol as a substrate [13, 14] . We tried to prove the ability of carvacrol and thymol in preventing cytotoxicity, membrane damage and DNA damage induced by the oxidative agent H 2 O 2 , while they also have cytotoxic and damaging effects in parental and drug resistant H1299 cells because many phenolic components have shown various protective/damaging activities in different biological systems dependant on concentration.
Thymol and carvacrol showed cytotoxic effects on parental and drug resistance H1299 cells ( Figure 1 and 2). After 24 and 48 hour incubation periods, the cytotoxicity of carvacrol was found to be higher {380 and 244 µM (IC 50 ) concentrations} than that of thymol (IC 50 497 and 266 µM) in parental cells. However, thymol showed higher cytotoxic effects in drug resistant H1299 cells for three incubation periods. The viability of cells decreased between 25-1000 μM carvacrol and 10-1000 μM thymol concentrations. The cytotoxic effect was close to that of the control until 25 μM concentrations for carvacrol and 5 μM concentrations for thymol. So, neither compound had either an effective cytotoxic or antitumor effect on cancer cells at lower concentrations. Carvacrol and thymol exhibited dose-and incubation time-dependent cytotoxic effects on parental and drug resistant H1299 cells. Also, the effects changed depending on the drug resistance capacity of the target cells. In one study, carvacol and thymol had a dose-dependent antiproliferative effects on Hep G2 cells, which make them potentially interesting for adjuvant experimental cancer treatments.
Both compounds induced membrane damage and cytotoxicity in hepatoma G2 at relatively higher concentrations than those that mediate its anticancer activities. The induction of cytotoxic cell death can be accompanied by membrane damage [2] . Koparal and Zeytinoglu [15] also observed that carvacrol was a very potent inhibitor of cell growth in the A549 cancer cell line. In another study, carvacrol and thymol had dose-dependent antiproliferative effects on human uterine carcinoma cells [16] . Also, carvacrol and thymol differed in their cytotoxic effects on K562 cells [17] . All these studies support our results.
1558 Natural Product Communications Vol. 7 (12) (Figure 4 ). So, resistant cells can protect themselves with lower concentrations of thymol and carvacrol against H 2 O 2 cytotoxicity than parental cells. We can assume that drug resistant cells show more resistance to cytotoxicity than parental cells.
In this study, carvacrol and thymol increased malondealdehyde (MDA) and 8-OHdG levels in both parental and drug resistant cells at different concentrations (Table 1) . While increasing MDA amounts cause membrane damage, increases in 8-OHdG show the DNA damaging effect of carvacrol and thymol on the cells. The membrane and DNA damaging effect of the compounds on both cells was found to be close to that of the control at IC 10 concentrations. The differences between the data are given in Table  1 (p≤ 0.05). The higher concentration of carvacrol and thymol caused statistically important membrane and DNA damage to the cells (p≤ 0.05). Parental cells were found to be more sensitive than resistant cells to the membrane damaging effects of both compounds. They induced membrane and DNA damage and cytotoxicity in H1299 cells at relatively higher concentrations than those that mediate its anticancer activities.
The induction of cytotoxic cell death can be accompanied by membrane and DNA damage. Koparal and Zeytinoglu [15] also observed that carvacrol was a very potent inhibitor of cell growth in the A549 cancer cell line. In another study, carvacrol and thymol had dose-dependent antiproliferative effects on human uterine carcinoma cells [16] .
The present studies show that phenolic compounds have antioxidant/prooxidant properties under different conditions. Carvacrol and thymol significantly decreased membrane and DNA damage in H 2 O 2 treated H1299 cells ( Table 2 ). The selected protective concentrations are those that showed the highest protective effect against H 2 O 2 cytotoxicity. In the cytoprotective study, while carvacrol had a strong antioxidant effect at IC 30 concentration for parental cells and IC 10 concentration for resistant cell, thymol showed maximum antioxidant effect at IC 20 concentration for parental cells and IC 10 concentration for resistant cells against H 2 O 2 cytotoxicity (Figures 3, 4) . Also, at these cytoprotective concentrations, carvacrol and thymol showed different membrane and DNA protective effects against H 2 O 2 oxidation ( Table 2 ). The most effective membrane protective effect of three concentrations (IC 10 , IC 50 , and IC 70 ) was found at IC 10 for Antioxidant/prooxidant effects of thymol and carvacrol Natural Product Communications Vol. 7 (12) 2012 1559 Carvacrol and thymol have effective DNA protective effects in both cells at different concentrations. Aydin et al. [18] also observed that these compounds, at concentrations below 0.2 and 0.1 mM, respectively, significantly reduced the oxidative damage in human lymphocytes. In another study, the incubation of Hep G2 and Caco-2 cells in the presence of a range of concentrations of either carvacrol or thymol led, in both cases, to a significant protection of the cells studied from DNA strand breaks induced by the potent oxidant hydrogen peroxide [19] . Epigallocatechin-3-gallate (1 μM), a polyphenol abundant in tea, was shown to significantly reduce MDA production due to H 2 O 2 /Fe 2+ exposure, indicating a protection of cells from oxidative stress [20] . The malondialdehyde level increased in H 2 O 2 exposed (IC 50 and IC 70 ) hepatoma G2 cells, but decreased in these cells preincubated with carvacrol and thymol before H 2 O 2 exposure [2] . Carvacrol and thymol differed in their cytotoxic and genotoxic effects on K562 cells, and reduced the level of DNA damage induced by the strong oxidation of H 2 O 2 [17] . Further understanding of the underlying mechanism of their protective effects in reducing intracellular oxygen radicals in H1299 cell death may lead to the development of new therapeutic treatments for cancer, since carvacrol and thymol provide protection against H 2 O 2 insult. Their lung protective effects against H 2 O 2 toxicity might be of importance and may contribute in part to their clinical efficacy for the treatment of lung carcinoma. These results suggest that carvacrol and thymol may be potentially valuable sources of natural therapeutic agents. Thus, it is becoming increasingly evident that certain phytochemicals, particularly those included in our daily diet, have important cancer chemopreventive properties. In the present study, carvacrol and thymol induced DNA and membrane damage, and cytotoxicity in H1299 cells at relatively higher concentrations than those that mediate its anticancer activities. These findings suggest that carvacrol and thymol exhibit anticancer/antioxidant effects dependant on cell resistance, concentration and time.
